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Do the models tell the same story?
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The 4 LSMs tell not exactly the same stories. 
Uncertainties come out when running multiple LSMs. There are a lot of differences in model 
outputs, which are related to the infiltration components of LSMs.. 
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• Canopy interceptions are different
• JULES intercepts more precipitation and Noah-MP intercepts the least amount of precipitation.
• Throughfall amounts are different too. 
• The inputs for the infiltration process are different. 
• The LSMs have different LAI inputs as well as dynamics. 
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• The total waver for infiltration is made up of throughfall 
and snowmelt. 
• Snowmelt plays a significant role in the Rocky 
Mountains, the Sierra Nevada, and the Cascade Ranges.
• JULES and Noah have less snowmelt.   
• The amount and timing of snowmelt impact infiltration.
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• The surface runoff ratios are much more different 
spatially among the 4 LSMs. 
• VIC and JULES generally have the eastern U.S. 
• Noah has very high ratios in part of the Rockies 
• Noah-MP has very high ratios in urban areas. 
Total infiltrated water/total water for infiltration (1998-2018)
• Overall, the spatial patterns of the infiltration ratio 
have some similarities among the 4 LSMs. 
• But there are also significant differences. 
• JULES and VIC have much lower infiltration ratios 
over the Mississippi basin; 
• Noah is an outlier in the Rockies. 
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• Subsurface runoff (Qsb) is the 
infiltrated water drained from the 
bottom of soil column. 
• High Qs/(Qs+Qsb) ratio indicates 
less Qsb and more ET for the LSM. 
• The 4 LSMs are different 
significantly in runoff composition. 
This is caused by the infiltration 
components. 
• Qs overwhelmingly dominates 
JULES runoff. The next is Noah. 
• Qsb plays a major part in Noah-MP 
runoff over most of the domain.
• Uncertainties to streamflow and 
water resource simulations: timing 
and amounts. 
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• Infiltrated water turns into soil 
moisture first and then leave soil 
column in the form of baseflow 
and evapotranspiration.
• The infiltration components of the 
4 LSMs play an essential role for 
the differences of soil moisture 
simulation.
• Many soil moisture based data 
products, i.e., SWI, are heavily 
impacted by the infiltration 
components. 
• We have to deal with uncertainties 
among multiple models in drought 
simulations. 
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• The infiltration components 
determines the amount of water 
recharging soil column, while the 
soil moisture is the water pool for 
evapotranspiration (ET) and 
baseflow.
• Latent heat (Qle) and sensible heat 
(Qh) are basically complementary 
in energy balance budget in LSMs. 
• Since ET is equivalent to Qle, the 
infiltration components indirectly 
affects both Qle and Qh. 
• The evapotranspiration efficiency 
of the 4 LSMs are different. Qle
takes bigger parts for JULS for 
relatively humid regions. 
Summary
• The infiltration step is the major forking point of precipitation 
partition in land surface models, which plays a more significant 
role than canopy interception for simulating water and energy 
budgets.
• In this study, we found significant differences in water and energy-
related outputs amount JULES, Noah, Noah-MP, and VIC. The 
differences are directly or indirectly related to the infiltration 
components in the models. 
• Those differences add uncertainties to the applications of land 
surface models. Thorough evaluations are needed to determine 
the reliability of infiltration schemes used in these models. 
• Shall we unify the infiltration components in LSMs to increase 
reliability and reduce uncertainty? 
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